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Abstract 
Invertebrate community structure and availability of organic matter 
was investigated in five streams lined with conifer trees.  The streams 
differed in the dominant conifer tree species: a mixed spruce/pine, a 
pine, a spruce and two larch streams were compared.  On two 
sampling occasions, five benthic samples were collected from each 
stream (one site per stream) in order to characterise the invertebrate 
community structure.  An assessment of the main physical site 
characteristics was also carried out.  Large differences between the 
sites were observed in both organic matter availability and 
invertebrate abundance and richness.  The invertebrate communities 
of the sites were dominated by shredders and the overall invertebrate 
numbers correlated with organic matter availability.  Both biomass of 
organic matter and invertebrates were significantly influenced by 
sampling date and site type.  The spruce site, which had the widest 
channel, had the lowest biomass of both organic matter and 
invertebrates, whereas one of the larch sites had the highest of both.  It 
is concluded that although the communities in the different types of 
conifer streams were somewhat different, it is likely that this is in 
response to a combination of physico-chemical variables and that 
retention of organic material is especially important.  Implications for 
forestry management are discussed further. 
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Introduction 
More than 70 % of woodland in the United Kingdom is now commercially 
managed conifer plantations (Mason, 2007; French et al., 2008), the vast 
majority of which has been planted within the past 100 years.  These 
plantations are concentrated at higher altitudes, so this major but relatively 
recent addition to the landscape affects many hundreds of kilometres of 
headwater streams.  Riparian vegetation can have strong seasonal 
influences on in-stream variables such as temperature (Vought et al., 1998; 
Bourque & Pomeroy, 2001), shading (Friberg, 1997; Hetrick et al., 1998) 
and food availability for consumers (Cummins, 1974).  Trees can stabilise 
diurnal temperature variations in the river channel (Johnson, 2004) but 
their shade often limits primary productivity (e.g. Hill et al., 1995) and the 
overall reduction in temperature can have potential implications for 
secondary production (Weatherley & Ormerod, 1989).  Therefore, the 
relatively recent change caused by afforestation in the vicinity of so many 
streams, particularly in formerly non-wooded areas, will inevitably have an 
impact on their ecology. 
In the UK, commercial conifer forests are dominated by exotic conifers, 
including Sitka spruce (Picea sitchensis (Bong.) Carr.), Norway spruce 
(Picea abies (L.) Karsten) and European larch (Larix decidua L.) (Forestry 
Commission, 2003).  Scots pine (Pinus sylvestris L.), although native, is 
widely planted outside its presumed natural range.  Conifer plantations 
differ from native broadleaved woodland in several key features.  First, the 
leaf litter they produce is typically of lower nutritional quality.  Before leaf 
material becomes palatable to detritivorous invertebrates it needs to 
undergo a process of conditioning, in which hyphomycete fungi and other 
microbes colonise the leaf and break it down, making it easier for 
invertebrates to digest and assimilate.  Conifer needles are tough and 
relatively poor in nutrients, so their conditioning takes considerably longer 
than that of broadleaves (Bärlocher, 1990), as needles contain inhibitors of 
fungal colonisation (Bärlocher & Oertli, 1978).  Second, conifer needles 
are not dropped seasonally, with the exception of the deciduous larch, so 
the large seasonal pulses of leaf litter input typical of broadleaves do not 
occur.  Third, streams running through conifer plantations often suffer 
from poor detrital retention due to commercial harvesting practices, so 
litter inputs are flushed rapidly from the system (Collen et al., 2004). 
Past research demonstrates that conifer plantations can have a 
detrimental influence on aquatic invertebrates in terms of reduced 
abundance, diversity, biomass, emergence and adult size (Ormerod et al., 
1993; Ventura & Harper, 1996; Thomsen & Friberg, 2002).  Poorer quality 
resources, poor retention and lack of seasonal inputs are likely to lead to 
reductions in secondary production in these systems (Friberg & Jacobsen, 
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1999).  Additional complications arise from the fact that the majority of 
conifer plantations in the UK have been planted on poor quality soils 
which lack buffering capacity (Ormerod et al., 1989) and can lead to 
acidification of the surface waters. 
The aim of the current study was to investigate the role of different types 
of conifer plantation on the organic matter availability and invertebrate 
community composition of five streams in the Peak District (Derbyshire, 
UK).  Based on literature to date, we hypothesised that, irrespective of the 
type of conifer vegetation, the retention efficiency of streams would have 
an important role in determining the invertebrate community composition, 
the more retentive streams potentially having more diverse communities. 
 
Site characterisation 
Five second- to fourth-order streams in the Peak District (Derbyshire, 
England) with coniferous riparian vegetation were selected for the study.  
One site was sampled per stream.  Substratum size structure was similar 
between the sites and they were all located on the same geology type 
(Carboniferous limestone) within a relatively small area in or near the 
Derwent Valley.  The study sites were categorised by the dominant 
vegetation type in the riparian zone into larch (2 sites), spruce (1 site), pine 
(1 site) or mixed pine/spruce (1 site) (see Table 1).  The extent of the 
riparian vegetation upstream from sampling sites varied.  Identification of 
retentive features was included in the assessment, including presence of 
debris dams, logs or wood (live roots, twigs), moss and boulders.  The site 
numbers have been retained as these correspond to numbers used in other 
research (Riipinen et al., 2009a, b). 
The vegetation in the catchments of the streams was similar, mostly 
dominated by moorland or conifer plantations.  Stream sizes varied from 
small (1.5 m width) to relatively large (width 8.4 m) (Table 1).  Shading 
also differed between the sites from 20 % to 70 % shade at zenith, which 
was partly due to differences in the percentage of woody vegetation, or the 
denseness of the riparian vegetation, on the banks.  Some differences 
between the levels of management activity along the sites were also 
observed.  The most mature vegetation (based on highest shading and 
percentage woody vegetation on the bank) was present in the spruce 
monoculture, whereas the mixed spruce/pine and the larch sites were much 
less shaded.  This was due to stands in the spruce/pine site being 
dominated by younger trees, and in the larch sites, a relatively recent 
removal of some of the bankside trees allowed more light through.  Moss 
cover on the stream bed was the most extensive in the pine site and the two 
larch sites.  In addition, larch site no. 1 had the highest number of debris 
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Table 1.  The main physical characteristics of the five streams included in the study.  The 
bank woody vegetation describes the proportion of the riparian vegetation accounted for by 
trees, as viewed from the river, and is an average of left and right banks (continuous tree 
cover along the bank length equates to 100%).  The riparian length is the length of woody 
vegetation upstream.  CPOM = coarse particulate organic matter.  Site numbers are also used 
in Fig. 4. 
 
Site (No) (6) (9) (8) (7) (10) 
Main tree species (% area) Spruce (50) 
Pine (50) 
Spruce 
(100) 
Pine 
(100) 
Larch 1 
(70) 
Larch 2 
(80) 
Order 3 4 2 2 2 
Altitude 280 350 310 260 280 
Full bank width (m) 2.4 8.4 2.4 1.5 2.7 
Riparian length (m) 150 880 380 330 630 
Shading at zenith (%) 20 70 50 60 70 
Bank woody vegetation (%) 7.5 80 55 7.5 15 
Bedrock (%) 5 0 10 0 10 
Boulders (%) 20 10 10 0 0 
Large cobbles (%) 20 30 10 15 30 
Moss (%) 10 0 40 20 35 
Wood (%) 5 0 10 20 10 
CPOM (%) 10 0 10 5 10 
Debris dams (no) 0 0 0 3 0 
Logs (no) 1 0 0 2 0 
 
 
dams and logs, indicating a higher degree of retention; the only retentive 
features observed in the spruce site were boulders (Table 1). 
 
Sample collection 
Sampling was carried out on two dates: 13 February and 30 April 2003.  
On these occasions, water pH and conductivity were measured on site 
using portable meters (Hanna Instruments HI9024 and HI9835 (Leighton 
Buzzard, UK)).  An additional water sample was collected for further 
analyses in the laboratory for chloride, calcium and ammonium using ion 
chromatography (Dionex, Camberley, UK), and alkalinity was measured 
by means of Gran titration (see Table 2). 
In addition to water chemistry samples, five benthic samples were taken 
at each site on each date with a Surber sampler (area 0.0625 m2; mesh size 
500µm) to quantify benthic invertebrates and organic matter biomass.  
Sampling was conducted in the main stream channel, using stratified 
random sampling across riffles.  Samples were preserved onsite in alcohol 
and transported to the laboratory for subsequent processing. 
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Table 2.  Water chemistry based on a single measurement on the sampling date.  Water pH 
and conductivity were measured in the field using portable meters, the remainder were 
analysed in the laboratory using ion chromatography.  Date 1 = February, Date 2 = April. 
 
Site (6)  (9)  (8)  (7) (10) 
Date 1 2  1 2  1 2  1 2  1 2 
pH 5.4 6.3  6.5 6.5  7.2 5.8  7.0 7.2  6.1 6.2 
Conductivity 
(mS/m) 
56.4 8.3  94.2 97.9  73.2 90.1  87.2 105.7  67.4 81.3 
Alkalinity 
(mg/L CaCo3) 
1.58 2  4.7 10.2  10.7 24.2  8.5 20.2  3.7 9.3 
Chloride (ppm) 4.69 7.0  11.8 20.9  4.6 8.4  4.7 8.3  5.1 9.8 
Calcium (ppm) 0 2.7  3.5 4.4  4.0 7.3  3.8 5.3  2.8 4.2 
 
 
Samples were initially sieved in the laboratory to remove excess debris 
using a 500 µm sieve.  The invertebrates were then separated from the 
organic matter using elutriation and preserved in 70 % methanol for 
identification.  Coarse particulate organic matter (CPOM) particles with a 
diameter > 1 mm were separated into fractions (broadleaves, needles, 
coarse woody debris (CWD), grasses (including Juncus spp.) and 
unidentified fragments referred to as miscellaneous), oven dried at 60 °C 
for 48 h and weighed to the nearest 0.01 g.  Invertebrates were allocated 
into functional feeding groups using Tachet et al. (2000), and shredders 
were identified to species where possible. 
 
Comparison of benthic organic matter 
Large differences in total CPOM standing stocks were observed between 
the sites.  Differences between the two sampling dates were also observed, 
although these were not consistent across the sites (Fig. 1).  All sites except 
larch 2 increased in total CPOM biomass from the first sampling date to 
the second.  Highest amounts of organic material were found in larch 2, 
followed by pine and mixed spruce/pine sites.  Spruce and larch 1 had the 
lowest organic matter standing stocks.  The miscellaneous fraction of the 
organic matter constituted the largest proportion of the benthic organic 
matter for all the sites, with the exception of larch 2, where CWD was the 
most important contributor (Fig. 1). 
The amount of organic material in the different fractions was compared 
across the five sites by means of an Analysis of Covariance (ANCOVA, 
Type III) using Minitab 15 (Minitab Inc. USA).  Site number was included 
as a fixed variable and it served as a proxy for vegetation type.  To remove 
the effect of date, this was included as a covariable in the analyses.  
Sample replicate was assigned as random but nested within sites. 
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Although large differences in organic matter were observed between the 
two sampling dates (Fig. 1), date was insignificant in the ANCOVA, with 
the exception of grass biomass between the sites (F1,49 = 6.12, P = 0.021).  
The total contribution of grasses (mostly Juncus spp.) to the total benthic 
organic standing stocks, however, was negligible (Fig. 1).  For the 
remainder of the fractions, significant differences among sites were 
observed for: needles (F1,49 = 3.29, P = 0.032), CWD (F1,49 = 6.23, 
P = 0.002) and total CPOM (F1,49 = 2.98, P = 0.044).  Replicates within 
streams did not differ significantly. 
 
Invertebrate community structure and responses 
The communities in the five streams studied were mostly dominated by 
shredding invertebrates (Table 3).  The most common invertebrates were 
stoneflies (Amphinemura, Protonemura, Isoperla, Chloroperla, 
Brachyptera) which are commonly found in upland streams, especially 
those with coniferous riparian vegetation (e.g. Thomsen & Friberg, 2002; 
Pretty et al., 2005).  The only filter-feeders found in the study sites were 
simuliid larvae.  A few mayflies were also present, but only in low 
numbers (Baetis, Heptageniidae, Ameletus).  Community composition
FIG. 1.  Total benthic organic standing stocks of CPOM (coarse particulate organic matter) 
and the relative importance of different fractions on the two sampling dates, 13 February 
(Date 1) and 30 April 2003 (Date 2). 
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Table 3.  Top ten most abundant benthic invertebrate taxa in the five sites on the two 
sampling dates (average number observed in five Surber samples), listed in order of 
decreasing abundance.  Date 1 = February, Date 2 = April.  L = Leuctra. 
 
Site Date 1 Date 2 
(6) Leuctra inermis (41), Amphinemura 
(27), Brachyptera (7), Chloroperla (6), 
Chironomidae (5), Isoperla (3), 
Protonemura (2), Baetis (1), Elmis (1), 
Simuliidae (1) 
L. inermis (64), Chironomidae (37), 
Amphinemura (36), Chloroperla (12), 
Brachyptera (5), Isoperla (5), Simuliidae 
(4), Elmis (4), Protonemura (3), 
Nemoura (1) 
(9) L. inermis (9), Brachyptera (6), 
Amphinemura (1), Simuliidae (1), 
Nemoura (< 0.5), Chironomidae (< 0.5), 
Protonemura (< 0.5), Baetis (< 0.5), 
Chloroperla (< 0.5), - 
L. inermis (23), Brachyptera (6), 
Simuliidae (1), Chironomidae (1), 
Amphinemura (1), Diptera (1), 
Limoniidae (< 0.5), Nemoura (< 0.5), 
Oligochaeta (< 0.5), Rhyacophila (< 0.5) 
(8) Brachyptera (40), L. inermis (40), 
Simuliidae (11), Amphinemura (6), 
Chloroperla (4), Protonemura (3), 
Isoperla (2), Limoniidae (2), Elmis (1), 
Nemoura (1) 
L. inermis (33), Brachyptera (30), Elmis 
(30), Amphinemura (5), L. nigra (4), 
Chloroperla (3), Simuliidae (2), 
Heptageneiidae (2), Protonemura (2), 
Ameletus (2) 
(7) Brachyptera (22), L. inermis (12), 
Amphinemura (7), Protonemura (4), 
Leuctra nigra (2), Simuliidae (2), Elmis 
(1), Isoperla (1), Baetis (1), Chloroperla 
(1) 
Brachyptera (36), L. inermis (21), 
Amphinemura (12), Ameletus (5), 
Chloroperla (5), Elmis (4), Limoniidae 
(4), L. nigra (3), Simuliidae (3), 
Chironomidae (3) 
(10) L. inermis (80), Brachyptera (45), 
Amphinemura (20), Simuliidae (11), 
Protonemura (7), Chironomidae (5), 
Chloroperla (4), Elmis (4), Nemoura (3), 
L. nigra (3) 
L. inermis (44), Brachyptera (17), 
Simuliidae (7), Chloroperla (6), 
Amphinemura (6), Oligochaeta (4), 
Elmis (4), Chironomidae (4), Ameletus 
(3), Protonemura (2) 
 
 
changed little between the two sampling dates, but some changes in 
abundances were evident (Table 3). 
Benthic invertebrates also differed between sites in both abundance 
(F1,49 = 8.54, P < 0.001) and number of taxa (F1,49 = 19.12, P < 0.001).  
Large differences between the sites were observed (Fig. 2).  Relatively 
high numbers of invertebrates were observed in all the sites, with the 
exception of the spruce site which was the largest of the streams (Fig. 2, 
Table 1).  As expected for relatively small streams bordered by riparian 
vegetation, the largest functional feeding group based on feeding strategies 
(Cummins & Klug, 1979) was the leaf-shredders, followed by grazers 
(Fig. 2).  Collectors and predators were both relatively uncommon in all 
five sites.  The relatively high proportion of grazers suggests that shading 
by riparian vegetation on these streams was not sufficient to completely
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limit algal production.  This is further supported by the finding that the 
lowest number of grazers was found in the most shaded spruce site 
(Fig. 2). 
As the relationship between organic standing stock and invertebrates 
appeared to be relatively similar between the sites, a Pearson correlation 
between the two factors was performed using Minitab 15.  The amount of 
benthic organic material predicted the number of invertebrates fairly well 
and the relationship was significant (Pearson correlation coefficient 0.669, 
P = 0.034), although high variability was observed (Fig. 3).  Organic 
matter is often highly patchy in streams and high variability in the data is 
therefore expected with a relatively low number of replicates.  However, as 
organic matter provides invertebrates with habitat and food, their 
abundances often correlate (e.g. Murphy & Giller, 2000). 
 
Correlations of environmental variables with community dynamics 
To elucidate differences between the sites at the community level, 
detrended correspondence analysis (DCA) was carried out with Canoco 4.5 
(ter Braak & Smilauer, 1998) using log transformed invertebrate data with 
downweighting of rare taxa and centering by species.  The samples
FIG. 2.  Abundance of different functional feeding groups of invertebrates in benthic samples 
collected from the five sites on each of the two sampling occasions.  Values are averages of 
five benthic samples per date. 
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FIG. 3.  Correlation between average benthic CPOM mass and invertebrate abundance across 
the study sites. 
 
 
collected on different dates were coded differently to compare the effects 
of sampling date on community composition.  The data from the five 
Surber samples were averaged to a single value per site and date prior to 
analyses (Fig. 4). 
Separation of sites along the DCA axes demonstrated differences at the 
community level in the five streams studied (Fig. 4).  The importance of 
environmental variables in determining the invertebrate community 
composition and separation in the DCA were investigated by means of 
Pearson’s correlation (Minitab 15), where the DCA Axis I and Axis II 
scores were correlated against the environmental variables.  The 
environmental variables which correlated positively with Axis I of the 
DCA were calcium (0.769, P = 0.009), moss (0.772, P = 0.009) and wood 
(0.786, P = 0.007).  Stream order, however, correlated negatively with 
Axis I (-0.845, P = 0.002).  Invertebrate communities in smaller streams 
were associated with higher calcium concentrations and higher retention.  
The separation of the sites on Axis I was therefore mainly related to stream 
size (spruce and spruce/pine were larger) and two retentive features (wood 
and moss) present in higher concentrations in the smaller streams (Table 1, 
Fig. 4).  In addition, calcium concentrations were also higher in the smaller 
streams (larch 1 and pine).  The only environmental variable which 
significantly correlated with Axis II was chloride (0.654, P = 0.040).  
However, the positive correlation of chloride and axis scores was mainly 
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driven by one site (spruce) which was most affected by road salt 
application.  It is unlikely that chloride alone determined invertebrate 
community composition in these streams, and the significance of this 
correlation should be considered in the light of the small number of 
replicates and sampling occasions.  Further differences in water chemistry 
observed between the two sampling dates are likely to have been caused by 
differences in precipitation through the season.  These are likely to 
contribute toward the apparent seasonal shift in community composition 
observed in the DCA. 
 
Discussion and conclusions 
The current study aimed to give preliminary information on invertebrate 
community structure in five upland forestry-impacted sites.  Interaction 
between several environmental variables seemed to drive invertebrate 
community composition in the streams studied.  The results indicate that 
FIG. 4.  A DCA (detrended correspondence analysis) of the five sites on two dates using 
benthic invertebrate data.  The sites are coded with the first digit representing the date (1 = 
date one, 2 = date two) and site numbers as follows: 6 = Spruce/Pine, 7 = Larch1, 8 = Pine, 9 
= Spruce, 10 = Larch2. 
Larch 
Spruce 
Spruce/Pine 
Larch 
Pine 
210 
29 
26 
19 
16
110 2827 
12 
17 
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stream size and its relationship with canopy structure (or shading) and 
stream retention are the most important determinants of community 
composition in forestry impacted upland streams.  Although it has been 
previously found that shading and canopy structure are important in 
determining invertebrate community composition (Friberg, 1997), 
comparison of different conifer tree species has received less attention.  A 
previous study found that coniferous riparian vegetation may alter the 
community structure in favour of species with longer life cycles, in 
comparison to mixed forest streams (Friberg, 1997); the author attributed 
this change to the more long-standing, permanent food source which 
enabled species with longer life cycles to persist. 
The current study shows that retention of organic material is important 
in structuring invertebrate communities.  Retention is directly linked to 
stream size because channel morphology and hydrological characteristics, 
for example, strongly influence the retention efficiency of streams 
(Speaker et al., 1984).  The relative importance of riparian inputs 
diminishes as the channel widens and retention of organic material is less 
likely with higher water velocities and volumes (Cummins et al., 1989).  
Although tree species per se will influence the food availability and quality 
present in the stream, physical factors such as stream size may override 
this in importance.  However, some of the results in the current study 
suggest that tree species can have indirect effects.  Larch streams had high 
abundance and richness of invertebrates, which could be directly related to 
the deciduous nature of this species and increasing organic matter standing 
stocks.  These streams were, however, also among the smallest in the set, 
with a potential for increased retention efficiency.  In addition, the 
presence of moss in the stream bed (in, for example, the pine stream) may 
also be crucial in increasing habitat complexity in streams, as noted by 
researchers in Finland (Muotka & Laasonen, 2002). 
Forest management practices may have also influenced the reported 
patterns of CPOM retention and invertebrate community composition.  For 
instance, the pine and larch streams, which were more open (age of stands 
or presence of buffer strips, respectively), had a higher proportion of 
grazing invertebrates and therefore more diverse communities.  Current 
forestry guidelines implemented by the Forestry Commission (2003) aim 
to increase habitat quality for aquatic invertebrates through management of 
buffer strips.  The management aims to provide a natural source of food 
and habitat characteristics (e.g. wood) to stream invertebrates.  According 
to the guidelines, native species of mixed age are preferred and alien 
invaders should be removed (Forestry Commission, 2003).  Coppicing or 
thinning may be used to ensure adequate lighting for the stream and 
canopy removal has been found to increase biomass of some taxa (Molles, 
1982).  The inclusion of buffer strips in forestry management can 
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encourage more diverse aquatic communities through inputs of higher 
quality leaf material with increasing light availability for primary 
producers.  It would seem that the higher invertebrate abundance and 
richness in the larch streams could be partly due to effective management 
regimes present at these sites.  As many shredding invertebrates can 
supplement their main food source by grazing on algae (Friberg & 
Jacobsen, 1994), increasing light conditions will therefore increase food 
availability to both shredders and grazers alike.  The spruce site had no 
buffer strip and mature trees shaded across most of the channel, which 
could partly explain the depauperate invertebrate community present at this 
site.  In addition, no retentive features were present and organic matter 
standing stocks were also low. 
Improving retention in streams has previously been suggested as a 
management option (Dobson et al., 1995; Dobson & Cariss, 2000; Laitung 
et al., 2002; Muotka & Laasonen, 2002; Pretty & Dobson, 2004).  
Management of CWD is also considered of high importance to the habitat 
quality of stream invertebrates by the Forestry Commission (2003).  A 
study which compared different types of forestry management practices in 
relation to buffer strips, found that water chemistry (pH) was more 
important in determining community composition of invertebrates, but that 
riparian vegetation also influenced it (Ormerod et al., 1993).  In addition, 
comparison of the differences between pasture and woodland streams 
demonstrated that community composition can be related to the maturity of 
riparian vegetation (Stevens & Cummins, 1999). 
This preliminary investigation shows that differences in invertebrate 
community structure between different types of conifers do exist.  
However, further research with better replication and more focused site 
selection in terms of environmental/physical variables is needed to 
elucidate the exact role stream size and riparian vegetation have in 
determining the community structure of aquatic invertebrates in streams 
affected by commercial forestry. 
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